Individuals with ACL reconstructive surgery develop new neuromuscular strategies to unexpected perturbations. The reorganization of the nervous system as a result of ACL injury and repair likely influences the functional control and outcome of the surgery. These findings highlight an important question as to whether neuromuscular adaptations can be invoked through rehabilitation in the absence of surgery.
h i g h l i g h t s
Individuals with ACL reconstructive surgery develop new neuromuscular strategies to unexpected perturbations. The reorganization of the nervous system as a result of ACL injury and repair likely influences the functional control and outcome of the surgery. These findings highlight an important question as to whether neuromuscular adaptations can be invoked through rehabilitation in the absence of surgery.
a b s t r a c t
Objective: Knee surgery may alter the neuromuscular response to unexpected perturbations during functional, dynamic tasks. Long latency reflexes (LLR) follow a transcortical pathway and appear to be modifiable by task demands, potentially giving them a role in neuromuscular performance. We examined LLRs of the quadriceps and hamstrings in response to unexpected perturbations in individuals with a repaired anterior cruciate ligament (ACLR) during a weight-bearing task. We also investigated the anticipatory and volitional muscle activity that preceded and followed the LLR to quantify possible reflex adaptations associated with surgical repair. Methods: Twelve females with ACLR and 12 healthy female controls performed a single leg squat maneuver, tracking a sinusoidal target. Random perturbations at the start of the flexion phase yielded tracking errors (''overshoot errors") and triggered compensatory reflex activity. Results: ACLR subjects demonstrated greater overshoot error and knee velocity during unexpected perturbations, increased LLR responses, and reduced absolute anticipatory, short-latency reflex, and voluntary quadriceps activity. Conclusions: ACLR subjects showed impaired response to perturbation and a distinct EMG profile during a dynamic single leg weight-bearing task. Future research will determine the cause of neural adaptations in those with ACLR. Significance: Neuromuscular adaptations may be a viable target for post-ACL injury rehabilitation interventions. Ó 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
An estimated 80,000-150,000 individuals rupture their anterior cruciate ligaments (ACL) annually in the United States (Griffin et al., 2000) , with the incidence being 4-6 times greater in females (Hewett et al., 2006) due to a probable combination of neural and anatomical factors. Nearly 80% do not involve contact, instead occurring when an unexpected event (perturbation) occurs during voluntary contraction (Hewett et al., 2006) . Approximately 60% of people who sustain ACL rupture in the United States undergo surgical reconstruction to repair the ACL (Owings and Kozak, 1998). The influence of knee surgery (ACL reconstruction) on the capability of the nervous system to respond to unexpected perturbations during dynamic conditions is unknown.
Neuromuscular control of the post-surgical knee may be undermined by altered lower extremity joint kinematics and kinetics (Bulgheroni et al., 1997; Ferber et al., 2003; Ristanis et al., 2005) tibiofemoral laxity and gait abnormalities (Brandsson et al., 2000; Knoll et al., 2004; Papannagari et al., 2006; Scarvell et al., 2006) , and impaired joint position sense (Fremerey et al., 2000) . Persistent quadriceps strength insufficiency occurs in some individuals (Elmqvist et al., 1989; Lorentzon et al., 1989; Snyder-Mackler et al., 1995) 
